I present a two-step approach for multiple suppression below salt: redatuming data below salt by waveequation extrapolation followed by multiple suppression using the primary-only imaging condition (POIC). Full wave-equation based reverse-time datuming (RTD) can extrapolate the wavefields accurately to any artificial datum in complex models, and POIC can be effective with the redatumed data because of the relatively simple velocity model below salt. Synthetic tests on the SMAART model indicate that the RTD helps to reveal the deep structure below the datum and RTD + POIC hybrid method can distinguish and eliminate multiples in the datum below, e.g., a salt dome and thus provide a good sub-salt image.
Introduction
POIC has proven to be effective in attenuating both free surface and some of peg-leg multiples in both synthetic (Zhou et al., 2003; Zhou, 2004) and field data (Wang et al., 1999; Liu and Sun, 2002) . The cost of POIC is also very efficient because it only migrates the primary events by ray-based wave-path migration . However, the current version of POIC requires ray tracing to calculate the travetimes. Such raytracing methods violate the inherent high-frequency assumption for model with large velocity variations, such as salt boundaries (Zhou et al., 2003) . To overcome this limitation, wave-equation based datuming algorithms (Berryhill, 1979; Berryhill, 1984; Bevc, 1997; Zhu et al., 1998; Luo, 2002) can be used to extrapolate the wavefield to the bottom of the salt body. Reverse-time datuming (Luo, 2002) employs an accurate wavefield extrapolation by solving the full wave equation, and correctly extrapolates both primaries and multiples to locations beneath the salt. Combining RTD and POIC should both be optimal in suppressing multiples and thus providing a good quality migration image.
In this report, we combine the RTD and POIC algorithms and apply them to the SMAART JV. dataset for the Pluto 1.5 model. Results show that the hybrid approach can eliminate most of the significant multiple artifacts in the sub-salt image.
Theory
Based partly on Huygen's principle, Luo (2002) expressed the RTD in the frequency domain as:
where ω is the angular frequency, * denotes conjugation, the G(x |xs) and G(x |xg) terms represent the scattered Green's function which propagates energy from the source point at x s and x g to datuming points at x and x , respectively. Equation 1 is very similar to the equation for reverse-time migration (RTM) except that it does not apply the imaging condition. The interpretation of equation 1 is then straight-forward: redatuming is the correlation of the data with a weighted phase shift term. The phase shift term plays the role of extrapolating wavefields from one point to another. Equation 1 can also be reformulated as:
where
]dx g . Equation 2 means that the conjugate of the redatumed data can be obtained by two back-projections of the timereversed data, i.e., once from the receiver position at xg to the datum position at x , and once from the source position at xs to the datum position at x . This twostep procedure is also described by Berryhill (1984) for prestack wave-equation datuming.
Equation 2 also indicates that the RTD is cheaper than RTM which needs 3 forward modeling operations. And we only need to apply RTD to the most complex part of the model and let the less expensive method, such as Kirchhoff migration, deal with the less complex part of the model. Therefore the total cost of RTD is much less than when we apply expensive RTM to the whole model.
Numerical Test
We first apply the RTD to the complex SMAART JV. Pluto 1.5 model. Figure 1 shows the velocity model. The horizontal datum is marked with a white line just beneath the middle part of the salt. Figure 2 gives the reflectivity model under the datum and Figure 3 shows the zero-offset section after datuming. Though the multiples are still strong, the section begins to reveal the sub-salt structures, such as faults and diffraction points. Figure 5 shows the Kirchhoff images before and after redatuming. The KM image with redatumed data provides a continuous subsalt image.
POIC is then applied to the redatumed data. There are two major benefits RTD brings to POIC: 1) RTD accurately accounts for wave propagation in complex velocity models, such as salt dome; 2) RTD extrapolates part of the multiple energy to the correct position. However, datuming tends to focus the reflection energy to zero-offset (Berryhill, 1984) as shown in Figure 4 . The events associated with the structures close to the datum horizon are focused at the near offset. Due to the small angle differences between the primary and multiple events, POIC can not work well with the near-offset data. The hybrid method using both Radon transforms and POIC (Zhou, 2004) can not deal with this situation either due to the lack of the far-offset energy. To apply POIC, we have to mute the data with an offset less than 228.6 m, which means we have to sacrifice the structure close to the datuming horizon. Figure 6 shows the Kirchhoff and the POIC images 1.0 km below the datuming horizon, respectively. As expected, POIC suppresses most of the surface-related multiples associated with the salt dome. Zoom views of the boxed areas in Figure 6 are shown in Figures 7 and 8 with the corresponding reflectivity model for better comparison. 
Discussion
Datuming is conventionally used to suppress the effects of rugged topography or strong near surface velocity variations. Reverse time datuming back propagates the observed data to a datum through a very complex medium above the datum by solving the full wave equation with a finite-difference method. The redatumed data can then be imaged by less expensive methods in a less complex medium beneath the datum. In this report, POIC is used to eliminate some multiples in redatumed data to provide better quality migration images. The test results with the 2-D SMAART JV. Pluto 1.5 model indicate that RTD + POIC can attenuate many multiple artifacts and produce a good sub-salt depth image.
